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(54) [Title of the Invention] Organic EL element 
(57) [Abstract] 
[Problem] 

It is an object of the present invention to provide an organic EL element having element 
reliability such as suppression of element leak accomplished by using an insulating 
layer or a resistive layer as a hole injection layer. In addition, the organic EL element 
has high reliability and low drive voltage by preventing the drive voltage from rising, 
which is a defect of the insulating layer or the resistive layer. 
[Means for Solving the Problem] 

An organic EL element includes: a hole injection electrode 2; an electron injection 
electrode 8; and one or more kinds of organic layers 4, 5 and 6 between these electrodes, 
wherein at least the organic layer 5 of the organic layers has a light emitting function, an 
inorganic oxide electron injection layer 7 is provided between the organic layer 5 having 
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the light emitting function and the electron injection electrode 8, the inorganic oxide 
electron injection layer 7 contains molybdenum oxide as a first component and one or 
more kinds of metal or metal oxide having a work function of 3 eV or less as a second 
component. 
[Scope of Claim] 
[Claim 1] 

An organic EL element comprising: a hole injection electrode; an electron injection 
electrode; and one or more kinds of organic layers between these electrodes, wherein at 
least one of the organic layers has a light emitting function, 

an inorganic oxide electron injection layer is provided between the organic layer having 
the light emitting function and the electron injection electrode, 

the inorganic oxide electron injection layer contains conductive metal oxide as a first 
component and one or more kinds of metal or metal oxide having a work function of 3 
eV or less as a second component. 
[Claim 2] 

An organic EL element according to Claim 1, wherein the conductive metal oxide as the 
first component is molybdenum oxide. 
[Claim 3] 

An organic EL element according to Claim 1 or 2, wherein the second component is 
alkali metal. 
[Claim 4] 

An organic EL element according to any one of Claims 1 to 3, wherein the content of 
the second component contained in the inorganic oxide electron injection layer is 1 to 
70 volume%. 
[Claim 5] 

An organic EL element according to any one of Claims 1 to 4, wherein the content of 
the second component is 0.1 to 16 mass% with respect to the total content of the metal 
component of the first component and the second component. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an organic eleclxoluminescence element (organic EL 

element) using an organic material which emits light by recombination of holes and 

electrons. 

[0002] 

[Prior Art] 
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Recently, there has been a growing request for a flat panel display in view of reduction 
of occupied area; thus, a device using an electroliirninescence element (hereinafter 
abbreviated to an EL element) which is lightweight and does not need a backlight has 
attracted notice. There is an organic EL element and an inorganic EL element in an EL 
element. An organic EL element has an advantage of being driven at low voltage of 
approximately 20 V, which is different from an inorganic element. 
[0003] 

As a structure of the organic EL element, there is a two layer structure in which a layer 
for injecting and transporting holes and a layer both for organic light emission and for 
injecting and transporting electrons are provided between a hole injection electrode and 
an electron injection electrode. Alternatively, there is a two layer structure in which a 
layer both for organic light emission and for injecting and transporting holes and a layer 
for injecting and transporting electrons are provided, or the like. 
[0004] 

In addition, as a structure of two or more layers, there is a structure of a hole injection 
and transportation layer, an organic light emitting layer, and an electron injection and 
transportation layer. Alternatively, a single layer structure in which a light emitting 
layer, a hole injection and transportation layer, and an electron injection and 
transportation layer are included in one layer is also known. 
[0005] 

Accordingly, in these organic EL elements, an injection layer for injecting and 
transporting holes and electrons efficiently to an organic light emitting layer is needed 
in order to obtain practical brightness with practical electric power. 
[0006] 

In order to inject electrons efficiently with a conventional element, as described in 
Japanese Patent Application Publication No. 63-295695, it is necessary to use metal of 
low work function typified by alkali metal. However, at the same time, difficulty in 
applying it to an electronic device is also noted in the same publication since the metal 
of low work function is easy to be oxidized and difficult to be used. 
[0007] 

In order to improve the above problem, in Japanese Patent Application Publication No. 
5-121172, an electron injection layer is formed of an alloy which is stabilized by adding 
lithium, which is metal of low work function, to aluminum, which is comparatively 
stable and inexpensive metal; thus, the electron injection layer has high efficiency. 
[0008] 

However, in the method described in Japanese Patent Application Publication No. 
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5-121172, it is necessary to control concentration of alkali metal in aluminum to 0.1 % 
or less; nevertheless, co-evaporation of aluminum and alkali metal is difficult to be 
controlled. Therefore, there is a problem that reproducibility is not good and it is 
difficult to maintain a device; thus, under present circumstances, the productivity is 
extremely low. 
[0009] 

Meanwhile, in Japanese Patent Application Publication No. 9-17574, a method for 
interposing a compound such as alkali metal oxide in the interface between a cathode 
and an organic layer is disclosed in order to stably use alkali metal with high electron 
injection efficiency. However, an alkali metal compound has high hygroscopicity and 
difficult to be used as a material; further, it is easy to be degassed in evaporation and the 
rate of film formation is unstable; thus there is a problem of controllability. 
Furthermore, reactivity of the alkali metal compound is high; thus, the alkali metal 
compound reacts with an evaporation boat and the boat is corroded; therefore, it is 
difficult to deposit a film continuously. From the above described view point, it is 
extremely difficult to be applied to mass production under present circumstances. 
[0010] 

Furthermore, in Japanese Patent Application Publication No. 2000-215983, a method 
for mixing metal of low work function such as alkali metal in an inorganic electron 
injection layer with high resistance is disclosed. According to the embodiment mode 
of the invention in this publication, a sputtering method is preferable as the method for 
manufacturing the inorganic electron injection layer. As for the material actually 
disclosed in this publication, it is necessary to use a sputtering method as the 
manufacturing method considering the melting point and difficulty in using it. 
Nevertheless, a sputtering method is known to damage an organic film (sputter 
deposition of cathodes inorganic light emitting diodes, L. S. Hung, Journal of Applied 
Pbysics, Vol. 86 No. 8, pp4607-4612, 1999). Therefore, it is not deserved to be a 
method for manufacturing an organic EL element with high efficiency. 
[0011] 

In Japanese Patent Application Publication No. 2000-235893, a method for 
manufacturing an organic EL element with high efficiency by using an inorganic thin 
film layer including chalcogenide of Si, Ge, Sn, Pb, Ga, In, Zn, Cd, or Mg or nitride of 
these materials and a compound of 5A to 8 group of the periodic table as a hole 
injection layer and an electron injection layer is disclosed. However, as the same with 
Japanese Patent Application Publication No. 2000-215983, damage to an element by a 
sputtering method is unpreventable in the method described here. Furthermore, the 
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inorganic thin film layer described in this publication is not good to all materials of an 

organic light emitting layer and lacks electron injection properties. 

[0012] 

[Problem to be Solved by the Invention] 

It is an object of the present invention to realize an organic EL element with high light 
emitting efficiency, low operating voltage, and a long lifetime by using an easy 
manufacturing method, in which a highly resistive inorganic electron injection layer 
superior in electron injection properties is used. 
[0013] 

[Means for Solving the Problem] 

In other words, the above described object is accomplished by the structure of the 
present invention described below. 

(1) An organic EL element includes: a hole injection electrode; an electron injection 
electrode; and one or more kinds of organic layers between these electrodes, wherein at 
least one of the organic layers has a light emitting function, an inorganic oxide electron 
injection layer is provided between the organic layer having the light emitting function 
and the electron injection electrode, the inorganic oxide electron injection layer contains 
conductive metal oxide as a first component and one or more kinds of metal or metal 
oxide having a work function of 3 eV or less as a second component. 

(2) An organic EL element according to the above (1), wherein the conductive metal 
oxide of the first component is molybdenum oxide. 

(3) An organic EL element according to the above (1) or (2), wherein the second 
component is alkali metal. 

(4) An organic EL element according to any one of the above (1) to (3), wherein the 
content of the second component contained in the inorganic oxide electron injection 
layer is 1 to 70 volume%. 

(5) An organic EL element according to any one of the above (1) to (4), wherein the 
content of the second component is 0.1 to 16 mass% with respect to the total content of 
the metal component of the first component and the second component. 

[0014] 

[Embodiment Mode] 

An organic EL element of the present invention includes: a hole injection electrode and 
an electron injection electrode over a substrate; one or more organic layers between 
these electrodes, wherein a light emitting function is provided at least in one of the 
organic layers, a metal oxide layer is provided between the electron injection electrode 
and the organic layer, the metal oxide layer contains conductive metal oxide as a first 
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component, preferably molybdenum oxide, and contains one or more kinds of metal or 

metal oxide having a work function of 3.0 eV or less as a second component. 

[0015] 

As described above, metal of low work function is contained as a second component to 
a conductive metal oxide layer, a first component of which is molybdenum oxide or the 
like; therefore, electron injection efficiency and light emitting efficiency are improved 
and drive voltage is reduced. 
[0016] 

The reason for contaming metal oxide and metal of low work function as a first 
component and a second component respectively is to make an inorganic electron 
injection layer highly resistive, block holes and form a conductive path for transporting 
electrons. As described above, an inorganic electron injection layer which has a 
conductive path of electrons and can block holes is provided between an organic layer 
and an electron injection electrode; therefore, electrons can be injected to a light 
emitting layer efficiently, thereby improving light emitting efficiency and reducing drive 
voltage. 
[0017] 

The object for mixing metal of low work function with metal oxide is to stabilize the 
metal of low work function with high reactivity. Besides, there has been a problem 
that the coherence between metal (aluminum or the like) to be an electron injection 
electrode and an organic layer is not good and it is easy for a film to be peeled due to a 
heat or the like in driving an organic EL element, which leads to a problem of low 
reliability. Here, the above problem of peeling is resolved by using metal oxide as an 
inorganic electron injection layer. 
[0018] 

Metal oxide used for an inorganic oxide electron injection layer resolves the above 
problem, whether it is insulative or conductive. However, drive voltage can rise if the 
metal oxide is insulative; thus, conductive metal oxide is preferably used to improve 
electron injection efficiency much more. 
[0019] 

In the present invention, conductive metal oxide is characterized in that the specific 
resistance is preferably 10 8 Q-cm or less; further, the specific resistance is preferably 
10" 2 Q-cm or more in view of the above highly resistive inorganic electron injection 
layer. 
[0020] 

As the conductive metal oxide, any one of molybdenum oxide (M0O3), vanadium oxide 
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(V2O5), tin oxide (Snd), cupric oxide (CuO), or titanium monoxide (TiO) is preferably 
used. In particular, it is preferable to use molybdenum oxide (M0O3) as a material 
which is easy to perform resistance heating evaporation and easy to be used. 
[0021] 

In addition, it is considered that molybdenum oxide (M0O3) has a planer configuration 
with a chain of regular octahedral configurations and has a function of stabilization by 
interposing metal of low work function such as alkali metal. 
[0022] 

Note that composition of the above oxide is not necessarily a stoichiometric 
composition, and it can be deflected to a certain degree. Further, the above oxide may 
also be combined. Each quantitative ratio can be adjusted as necessary if combined. 
[0023] 

As the metal having a work function of 3 eV or less, which is a second component, K, 
Cs, Rb, Na, Sr, Li, Ba, Eu, Yb, Ce, Pr, Sm, I or Ca can be given. Li, Na, K, Rb, and Cs, 
which are alkali metal, are preferable in view of the effect. The work function of the 
second component is 3 eV or less, particularly 2.5 eV or less. As the lower limit, the 
smaller the better, it is not particularly limited; however, it is approximately 2.0 eV in 
general. 
[0024] 

A second component in an inorganic oxide electron injection layer is preferably 
contained in 1 to 70 volume%, more preferably 30 to 60 volume%, with respect to the 
total component. If the content is 1 volume% or less, effect of reducing drive voltage 
due to a second component is lowered; conversely, if the content is 70 volume% or 
more, effect of improving coherency due to a metal oxide film is lowered, which leads 
to low reliability. In addition, if metal oxide is used as a second component, drive 
voltage rises. 
[0025] 

In addition, the content of the second component is preferably 0.1 to 16 mass%, 
particularly 4 to 12 mass%, with respect to the total content of the metal component of 
the first component and the second component. 
[0026] 

A second component does not necessarily exist uniformly in a film, and the composition 
may incline to a film thickness direction. In this case, it is preferable that a large 
quantity of second components exist in an organic layer side. Note that the total 
composition is necessarily set in the above range. 
[0027] 
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In addition, as a third component, metal with specific resistance of which is 10" 2 Q-cm 
or less such as aluminum (Al), titanium (Ti), tungsten (W), or molybdenum (Mo) may 
be contained in an inorganic oxide electron injection layer. In this case, the content is 
preferably adjusted so that the total specific resistance of the inorganic oxide electron 
injection layer is in the range of 10 8 to 10" 2 Q-cm. 
[0028] 

Since specific resistance can be controlled by containing a third component, injection 
properties of an inorganic oxide electron injection layer can be controlled, and drive 
voltage of an organic EL element can be reduced. 
[0029] 

A film thickness of an inorganic oxide electron injection layer is preferably 0.3 to 30 nm, 
more preferably 1 to 10 nm. If the film is thinner, effect of the inorganic oxide 
electron injection layer can not be obtained sufficiently; conversely, if the film is thicker, 
drive voltage rises extremely. 
[0030] 

As a method for manufacturing the above inorganic oxide electron injection layer, a 
sputtering method, an EB evaporation method, an ion plating method, a resistance 
heating evaporation method, and the like can be given. Considering damage to an 
organic EL element, it is preferable that co-evaporation using multiple evaporation 
sources is performed by adopting the resistance heating evaporation method. In the 
co-evaporation, reactive evaporation in which oxygen is introduced to a chamber may 
be performed to form metal oxide. 
[0031] 

For example, as shown in FIG. 1, an organic EL element of the invention includes a 
substrate 1, a hole injection electrode 2, an inorganic highly resistive hole injection 
layer 3, a hole injection and transportation layer 4, a first light emitting layer 5a, a 
second light emitting layer 5b, an electron injection and transportation layer 6, an 
inorganic oxide electron injection layer 7, an electron injection electrode 8, and a 
protective film 9, each of which is laminated sequentially. Alternatively, reverse 
lamination in which the electron injection electrode 8 is formed in the substrate 1 side 
may be used. The most suitable laminated structure may be used depending on the 
required properties, the specification, and the like. An organic layer may be formed of 
multiple layers in which a hole injection and transportation layer, a light emitting layer, 
an electron injection and transportation layer, and the like are laminated. Alternatively, 
the organic layer may be formed of a single layer in which a function for injecting and 
transporting electrons, a function for transporting holes, and the like are provided in a 
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light emitting layer. 
[0032] 

As a material of a hole injection electrode, a material which can inject holes efficiently 
to a hole injection layer or the like is preferably used, and it is preferable that a material 
with a work function of 4.5 to 5.5 eV be used. Specifically, a material containing a 
main composition of indium oxide doped with tin (ITO), indium oxide doped with zinc 
(IZO), indium oxide (In 2 03), tin oxide (Sn0 2 ) or zinc oxide (ZnO) is preferably used. 
The above oxide may be deflected to a certain degree from a stoichiometric composition. 
The mixture ratio of Sn0 2 to ln 2 0 3 is preferably 1 to 20 mass%, more preferably 5 to 12 
mass%. In addition, in IZO, the mixture ratio of ZnO to ln 2 0 3 is approximately 12 to 
32 mass% in general. 
[0033] 

An electrode in the light extraction side preferably has light transmittance to a light in 
an emission wavelength band, the wavelength of which is generally 400 to 700 nm, of 
50 % or more, more preferably 80 % or more, particularly 90 % or more. If the light 
transmittance becomes too low, light emission itself from a light emitting layer is 
attenuated, and it becomes difficult to obtain required brightness as a light emitting 
element. 
[0034] 

The thickness of the electrode is preferably 50 to 500 nm; particularly, it is preferably in 
the range of 50 to 300nm. In addition, the upper limit is not particularly limited; 
however, if it is too thick, there is a fear that the light transmittance is lowered, the 
electrode is peeled, or the like. If it is too thin, the effect can not be obtained 
sufficiently, and there is also a problem of film intensity during manufacture or the like. 
[0035] 

It is not necessary to particularly limit an electron injection electrode since it is 
combined with an inorganic electron injection and transportation layer and it does not 
necessarily have a low work function and electron injection properties; thus, general 
metal can be used. In particular, it is preferable to use one or more kinds of metal 
elements from Al, Ag, In, Ti, Cu, Au, Mo, W, Pt, Pd and Ni, particularly from Al and Ag, 
in view of the conductance and ease of use. 
[0036] 

The electron injection electrode may have a thickness more than a certain thickness 
which can give electrons to an inorganic electron injection and transportation layer, and 
the thickness may be 50 nm or more, preferably 100 nm or more. In addition, the 
upper limit is not particularly limited; however, the film thickness is preferably 
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approximately 50 to 500 nra in general. 
[0037] 

Furthermore, if a protective layer is provided to protect an organic EL element from 
water in atmosphere or the like, deterioration due to a blind spot (referred to as a dark 
spot) generated in the element can be suppressed. As a protective film, it is preferable 
to use SiN, SiON, Si0 2 , A1 2 0 3 , or the like which is superior in preventing water. 
[0038] 

As a method for forming a protective film, an evaporation method, a sputtering method, 
a CVD method, and the like can be given. It is preferable to adopt a plasma CVD 
method by which deposition can be performed at low temperature and the step coverage 
of which is good. 
[0039] 

Further, it is preferable that a protective film be formed without exposing to atmosphere 
after an organic EL element is manufactured. The thickness of the protection film is 
not particularly limited; however, it is preferable to be 100 to 5000 nm. If the 
protective film is thinner, it becomes difficult to prevent water; conversely, if the 
protective film is thicker, there are problems of film peeling caused by the stress of the 
protective film and adverse effect on the characteristics of the organic EL element. 
[0040] 

The total thickness including an electron injection electrode and a protective film is not 
particularly limited; however, it is preferable to be approximately 50 to 500 nm in 
general. 
[0041] 

Next, an organic layer of an organic EL element will be descried in detail. 
[0042] 

An organic EL element of this invention includes at least one organic light emitting 
layer between two electrodes at least one of which is transparent, wherein the organic 
light emitting layer at least contains one or two kinds of compounds contributing to a 
light emitting function. 
[0043] 

In an organic EL element of this invention, a wavelength of light emitted from at least 
one organic light emitting layer is not particularly limited; however, at least one organic 
light emitting layer is preferably formed so as to emit white light at least having a 
continuous emission spectrum of 380 to 780 nm. 
[0044] 

In this invention, it is particularly preferable that at least one organic light emitting layer 
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be formed so as to emit white light having a continuous emission spectrum of 430 to 

650 nm or less. 

[0045] 

In this invention, an organic light emitting layer contains a host material such as a hole 
transporting compound, an electron transporting compound, or a mixture of these 
compounds and includes a function of injecting holes and electrons, a function of 
transporting holes and electrons, and a function of generating an exciton by 
recombination of holes and electrons. It is preferable that the organic light emitting 
layer contain a relatively neutral compound electronically. 
[0046] 

As a hole transporting compound used as a host material of an organic light emitting 
layer, a triazole derivative, an oxadiazole derivative, an imidazole derivative, a 
polyarylalkane derivative, a byrazoline derivative, a byrazolone derivative, a 
phenylenediamine derivative, an arylarnine derivative, an amino-substituted chalcone 
derivative, an oxazole derivative, a styrylanthracene derivative, a fluorenone derivative, 
a hydrazone derivative, and a stilbene derivative can be given. Further, a 
triphenyldiamine derivative can be preferably used. 
[0047] 

As an example of the triphenyldiamine derivative, a tetraarylpenzisine compound 

(triaryldiamine or triphenyldiamine: TPD) is particularly preferable. 

[0048] 

A preferable specific example of the tetraarylbenzisine compound (TPD) is shown 

below. 

[0049] 

[Chemical formula 1] 
[0050] 

[Chemical formula 2] 
[0051] 

[Chemical formula 3] 
[0052] 

As an electron transporting compound used as a host material of an organic light 
emitting layer, a quinoline derivative is preferably used. Further, 8-quinolinol or a 
metal complex with a ligand of the derivative is preferably used. In particular, 
tris(8-quinolinato)aluminum (Alq3) having a structure represented by the following 
formula is preferably used. Furthermore, a phenylanthracene derivative or a 
tetraarylethene derivative can also be used as the electron transporting compound. 
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[0053] 

[Chemical formula 4] 
tris(8-quinolmol)aluminum [Alq3] 
[0054] 

In this invention, an organic light emitting layer preferably has a structure in which a 
host material such as a hole transporting compound, an electron transporting compound, 
or a mixture of these compounds is doped with a dopant which is a fluorophor. 
[0055] 

Further, an organic EL element of this invention is preferably provided with two organic 
light emitting layers laminated each other. In the case of forming two organic light 
emitting layers, each of the organic light emitting layers is doped with a fluorophor 
having a different emission wavelength; therefore, a broad emission wavelength band 
can be obtained and degree of flexibility in emission color can also increase. 
[0056] 

In this invention, for example, as a fluorophor which is contained as a dopant, a 
compound disclosed in Japanese Patent Application Publication No. 63-264692 is 
preferably used. Specifically, one or more kinds of compounds from a group of a 
rubrene compound, a coumalin compound, a quinacridon compound, a 
dicyanomethylbilane compound, and the like is preferably used. 
[0057] 

An example of a fluorophor preferably used in this invention is shown below. 
[0058] 

[Chemical Formula 5] 

rubrene 

[0059] 

[Chemical Formula 6] 

coumalin 

[0060] 

[Chemical Formula 7] 

quinacridon 

[0061] 

[Chemical Formula 8] 

4-(dicyanomethylene)-2-methyl-6-(p-dimethylaminostyryl)-4H-bilane [DCM] 
[0062] 

Further, as a fluorophor which is contained as a dopant, a naphthacene compound is also 
preferably used in this invention, which is described in Japanese Patent Application 
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Publication No. 2000-26334 and Japanese Patent Application Publication No. 
2000-26337. A lifetime of an organic EL element is improved significantly by using 
the naphthacene compound with a rubrene compound, a coumalin compound, a 
quinacridon compound, a dicyanomethylpyran compound, or the like. 
[0063] 

The naphthacene compound preferably used as a fluorophor which is contained as a 

dopant in this invention has a basic skeleton represented by Formula (I). 

[0064] 

[Chemical Formula 9] 
[0065] 

In Formula (I), each of R 1 to R 4 represents any of an alkyl group, an aryl group, an 
amino group, a heterocyclic group, and an alkenyl group each of which is not 
substituted or each of which has a substituent. In addition, any of an aryl group, an 
amino group, a heterocyclic group, and an alkenyl group is preferable. 
[0066] 

An aryl group represented by R 1 to R 4 may be monocyclic or polycyclic, and also 
includes a fused ring or an aggregation of rings. The total number of carbons is 
preferably 6 to 30, and it may also have a substituent. 
[0067] 

As an aryl group represented by R 1 to R 4 , a phenyl group, a (o-, m-, p-) tolyl group, a 
pyrenyl group, a perylenyl group, a coronenyl group, a (1- and 2-) naphthyl group, an 
anthryl group, a (o-, m-, p-)biphenylyl group, a terphenyl group, a phenanthryl group, or 
the like is preferable. 
[0068] 

An amino group represented by R 1 to R 4 may be any of an alkylamino group, an 
arylamino group, an aralkylamino group, and the like. These groups preferably have 
an aliphatic group in which the total number of carbons is 1 to 6 and/or 1 to 4 aromatic 
carbon rings. Specifically, a dimethylamino group, a diethylamino group, a 
dibutylamino group, a diphenylamino group, a ditolylarnino group, a 
bisdiphenylylamino group, a bisnaphthylamino group, and the like can be given. 
[0069] 

As a heterocyclic group represented by R 1 to R 4 , an aromatic heterocyclic group of 5 or 
6 membered ring containing O, N, or S as a heteroatom, a fused polycyclic aromatic 
heterocyclic group in which the number of carbons is 2 to 20, and the like are given. 
[0070] 

As an alkenyl group represented by R 1 to R 4 , the followings are preferable: a (1- and 2-) 
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phenylalkenyl group, a (1,2- and 2,2-) diphenylalkenyl group, a (1,2,2-) 
triphenylalkenyl group each of which includes a phenyl group at least as one substituent, 
and the like. However, the alkenyl group may be a non substituted alkenyl group. 
[0071] 

As a an aromatic heterocyclic group and a fused polycyclic aromatic heterocyclic group, 
for example, a thienyl group, a furyl group, a pyrrolyl group, a pyridyl group, a quinolyl 
group, a quinoxalyl group, and the like are given. 
[0072] 

In the case where R 1 to R 4 have substituents, at least two of them are preferably any of 
an aryl group, an amino group, a heterocyclic group, an alkenyl group, and an aryloxy 
group. The aryl group, the amino group, the heterocyclic group, and the alkenyl group 
are as described in the above R 1 to R 4 . 
[0073] 

As an aryloxy group to be a substituent of R 1 to R 4 , an aryloxy group having an aryl 
group in which the total number of carbons is 6 to 18 is preferable; specifically, (o-, m-, 
p-) phenoxy group or the like is preferable. 
[0074] 

Two or more kinds of these substituents may also form fused rings. In addition, they 
may be further substituted. In this case, a preferable substituent is the same as the 
above substituent. 
[0075] 

In the case where R 1 to R 4 have substituents, at least two or more kinds of them 
preferably have the above substituents. The position to be substituted is not 
particularly limited, it may be any of meta position, para position, and ortho position. 
In addition, it is preferable that R 1 be the same as R 4 , and R 2 be the same as R 3 ; however, 
they may be different from each other. 
[0076] 

In addition, at least five or more kinds of R 1 to R 8 , more preferably six or more kinds of 
them, are alkyl groups, aryl groups, amino groups, alkenyl groups, or heterocyclic 
groups each of which is not substituted or each of which have a substituent. 
[0077] 

Each of R 5 , R 6 , R 7 , and R 8 represents any of an alkyl group, an aryl group, an amino 
group, and an alkenyl group each of which may have hydrogen or a substituent. 
[0078] 

As an alkyl group represented by R 5 , R 6 , R 7 , and R 8 , an alkyl group in which the 
number of carbons is 1 to 6 is preferable, and it may have a normal chain or branched 
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chain. As preferable specific examples of the alkyl group, a methyl group, an ethyl 
group, a (n, i) propyl group, a (n, i, sec, tert)-butyl group, a (n, i, neo, tert)-pentyl group, 
and the like are given. 
[0079] 

An aryl group, an amino group, and an alkenyl group represented by R 5 , R 6 , R 7 , and R 8 
are as described in the above R 1 to R 4 . In addition, it is preferable that R 5 be the same 
as R 6 , and R 7 be the same as R 8 ; however, they may be different from each other. 
[0080] 

In this invention, for example, the following compound is preferably used as a 

fluorophor which is contained as a dopant. 

[0081] 

[Chemical Formula 10] 
[0082] 

[Chemical Formula 11] 
[0083] 

In the case of providing two organic light emitting layers, it is preferable that each of 
the organic light emitting layers contain two or more lcinds of these fluorophors, and the 
two or more kinds of fluorophors have different emission wavelengths. 
[0084] 

In this invention, the content of a dopant in an organic light emitting layer is preferably 

0.01 to 20 weight%, more preferably 0.1 to 15 weight%. 

[0085] 

In this invention, the thickness of an organic light emitting layer is not particularly 
limited, the preferable thickness is different depending on the formation method; 
however, it is preferably 5 to 500 nm in general, more preferably 10 to 300 nm. 
[0086] 

In this invention, in the case of forming two or more organic light emitting layers, each 
thickness of the organic light emitting layers is in the rage of the thickness 
corresponding to the thickness of one molecular layer to the total thickness of the 
organic light emitting layers. Specifically, it is 1 to 85 nm, preferably 5 to 60 nm, 
more preferably 5 to 50 nm. 
[0087] 

In this invention, it is preferable that an organic light emitting layer be formed by 

evaporation. 

[0088] 

In this invention, the condition of forming an organic light emitting layer by performing 
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evaporation is not particularly limited; however, it is preferable that the condition be set 
to be 1 x 10" 4 Pa or less and the evaporation rate be approximately 0.01 to 1 nm/sec. 
[0089] 

In this invention, it is preferable that an organic light emitting layer contain a mixture of 
a hole transporting compound and an electron injecting and transporting compound. 
[0090] 

In the case where an organic light emitting layer contains a mixture of a hole 
transporting compound and an electron injecting and transporting compound, a hopping 
conduction path of carriers is formed; thus, each carrier moves in a polarly predominant 
material while injection of carriers of opposite polarity becomes difficult to happen. 
Consequently, the compound contained in the organic light emitting layer is prevented 
from being damaged, resulting in the advantage of improving a lifetime of an element. 
[0091] 

Further, a dopant formed from a fluorophor is contained in an organic light emitting 
layer containing a mixture of a hole transporting compound and an electron injecting 
and transporting compound, thereby transforming emission wavelength characteristics 
of the organic light emitting layer itself and transferring an emission wavelength to a 
long wavelength side. In addition, emission intensity can be improved, and the 
stability of an organic EL element can also be improved. 
[0092] 

In the case where an organic light emitting layer contains a mixture of a hole 
transporting compound and an electron injecting and transporting compound, the 
mixture ratio of the hole transporting compound and the electron injecting and 
transporting compound is determined by each carrier mobility and each carrier 
concentration. In general, the mass ratio is 1/99 to 99/1, preferably 10/90 to 90/10, 
more preferably 20/80 to 80/20, most preferably 40/60 to 60/40. 
[0093] 

In the case of forming an organic light emitting layer containing a mixture of a hole 
transporting compound and an electron injecting and transporting compound, it is 
preferable that co-evaporation be performed by putting the hole transporting compound 
and the electron injecting and transporting compound into different evaporation sources 
and vaporizing them. However, in the case where the vapor pressure of the hole 
transporting compound and that of the electron injecting and transporting compound is 
almost the same or very approximate, evaporation may also be performed by mixing 
them in the same evaporation source in advance. 
[0094] 
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In the case of forming an organic light emitting layer containing a mixture of a hole 
transporting compound and an electron injecting and transporting compound, it is 
preferable that the hole transporting compound and the electron injecting and 
transporting compound be mixed uniformly in the organic light emitting layer; however, 
they are not necessarily mixed uniformly. 
[0095] 

In this invention, an organic layer preferably includes a hole transportation layer having 
a function of transporting holes stably and an electron transportation layer having a 
function of transporting electrons stably as well as at least one organic light emitting 
layer. By including these layers, holes and electrons injected in the organic light 
emitting layer are increased and they are shut in the organic light emitting layer, thereby 
optimizing a recombination region and improving light emitting efficiency. 
[0096] 

In this invention, as an example of a compound that can be preferably used for a hole 
transportation layer, the followings are given: a tetraarylbenzisine compound 
(triaryldiamine or triphenyldiamine: TPD), aromatic tertiary amine, a hydrazone 
derivative, a carbazole derivative, a triazole derivative, an imidazole derivative, an 
oxadiazole derivative containing an amino group, polythiophene, and the like. In 
particular, a tetraarylbenzisine compound (triaryldiamine or Mphenyldiamine: TPD) and 
a triarylamine polymer (ATP) described in WO/98/30071 are preferably used. 
[0097] 

A preferable specific example of the triarylamine polymer (ATP) is shown below. 
[0098] 

[Chemical Formula 12] 
[0099] 

[Chemical Formula 13] 
[0100] 

[Chemical Formula 14] 
[0101] 

In this invention, various organic compounds can also be used for a hole injection and 
transportation layer, a hole injection layer, and a hole transportation layer, which are 
described in Japanese Patent Application Publication No. 63-295695, 2-191694, 3-792, 
5-234681, 5-239455, 5-299174, 7-126225, 7-126226, 8-100172, EP0650955A1, and the 
like. 
[0102] 

In this invention, two or more kinds of these compounds can be used together. In the 
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case of using two or more kinds of these compounds together, the compounds may be 

mixed in one layer or laminated as two or more layers. 

[0103] 

In this invention, a hole transportation layer can be formed by evaporating the above 
compound. In the case of forming an element by evaporation, a thin film of 
approximately 1 to 10 nm which is uniform and does not have a pinhole can be formed. 
Therefore, even if a hole injection layer is formed from a compound which has low 
ionization potential and absorbs light of visible wavelength, it is possible to prevent 
variation of emission color and deterioration of light emitting efficiency caused by 
resorption. 
[0104] 

In this invention, as an example of a compound that can be preferably used for an 
electron transportation layer, the followings are given: 8-quinolinol such as 
tris(8-qumolmolato)duminum (Alq3), or an organometallic complex with the derivative 
as a ligand, an oxadiazole derivative, a perylene derivative, a pyridine derivative, a 
pyrimidine derivative, a quinoxaline derivative, and the like. 
[0105] 

In this invention, an electron transportation layer can be formed by evaporating the 

above compound. 

[0106] 

In this invention, the condition for forming each of an organic light emitting layer, a 
hole injection and transportation layer or a hole injection layer and a hole transportation 
layer, and an electron injection and transportation layer or an electron injection layer 
and an electron transportation layer by evaporation is not particularly limited. 
However, it is preferable that the condition be set to be lxlO" 4 Pa or less and the 
evaporation rate be approximately 0.01 to 1 nm/sec. Each layer is preferably formed 
continuously under the reduced pressure of lxlO" 4 Pa or less. It is possible to prevent 
impurities from being absorbed in the interface of each layer by forming each layer 
continuously under the reduced pressure of lxlO" 4 Pa or less, thereby obtaining an 
organic EL element with fine properties, reducing drive voltage of the organic EL 
element, and suppressing generation and growth of dark spots. 
[0107] 

In this invention, in the case where two or more kinds of compounds are contained in an 
organic light emitting layer, a hole transportation layer, and an electron transportation 
layer, it is preferable to form the organic light emitting layer, the hole transportation 
layer, an electron injection and transportation layer, an electron injection layer, or the 
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electron transportation layer by co-evaporation by controlling the temperature of each 

boat which contains the compound. 

[0108] 

Further, an organic EL element of this invention preferably includes an inorganic hole 
injection and transportation layer with high resistance between the light emitting layer 
and a hole injection electrode which is the other electrode. 
[0109] 

Accordingly, an inorganic hole injection and transportation layer with high resistance 
which has a conductive path of holes and can block electrons is provided between an 
organic layer and an hole injection electrode; therefore, holes can be injected to a light 
emitting layer efficiently, light emitting efficiency is improved, and drive voltage is 
reduced. The total thickness of an organic EL element can be thinner by using the 
above described inorganic hole injection and transportation layer with high resistance, 
thereby obtaining a thin film element which is extremely thin while a color filter layer 
becomes thinner. 
[0110] 

In addition, it is preferable that oxide of metal such as silicon or germanium, or 
semimetal oxide be used as a main component of an inorganic hole injection and 
transportation layer with high resistance, and metal or semimetal which has a work 
function of 4.5 eV or more, preferably 4.5 to 6 eV, and/or one kinds or more from oxide, 
carbide, nitride, silicide, and boride thereof is contained in the main component to form 
a conductive path, thereby injecting holes from a hole injection electrode to an organic 
layer in a light emitting layer side efficiently. Besides, it is possible to suppress the 
movement of electrons from the organic layer to the hole injection electrode and make 
holes and electrons recombined efficiently in the light emitting layer. In addition, an 
organic EL element having both merits of inorganic materials and organic materials can 
be manufactured. In the organic EL element of this invention, brightness as high as or 
higher than that of a conventional element including an organic hole injection layer can 
be obtained. In addition, the lifetime is longer than that of the conventional one since 
the heat resistance and the weather resistance is high, and leak or generation of dark 
spots also rarely happens. In addition, an inorganic material, which is inexpensive, 
and easily obtained and manufactured, as well as an organic material, which is relatively 
expensive, is used, thereby reducing manufacturing costs. 
[0111] 

As for an inorganic hole injection and transportation layer with high resistance, the 
resistivity is preferably 1 to 1*10" £>cm, particularly lxlO 3 to 1*10 8 O-cm. The 
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resistivity of the inorganic hole injection and transportation layer with high resistance is 
set in the above range, thereby improving hole injection efficiency extremely while 
mamtaining fine electron blocking properties. The resistivity of the inorganic hole 
injection and transportation layer with high resistance can be also given by the sheet 
resistance and the film thickness. In this case, the sheet resistance can be measured by 
using a 4 terminal method or the like. 
[0112] 

A material of the main component is silicon oxide or germanium oxide; specifically, it is 
preferable to be 0 < x < 1, 1.7 < y < 2.2, more preferably 1.7 < y < 1.99 in (Sii_ x Ge x ) O y . 
The main component of an inorganic hole injection and transportation layer with high 
resistance may be either silicon oxide or germanium oxide, and a mixed thin film 
thereof may also be used. The hole injection function tends to be decreased in the case 
where y is bigger or smaller. For example, the composition may be investigated by 
Rutherford backscattering, chemical analysis, or the like. 
[0113] 

An inorganic hole injection and transportation layer with high resistance preferably 
contains oxide, carbide, nitride, silicide, and boride of metal (including semimetal) 
having a work function of 4.5 eV or more as well as the main component. The metal 
having a work function of 4.5 eV or more, preferably 4.5 to 6 eV, is preferable any one 
or more kinds of Au, Cu, Fe, Ni, Ru, Sn, Cr, Ir, Nb, Pt, W, Mo, Ta, Pd and Co. In 
general, these materials exist as metal or oxide. In addition, carbide, nitride, silicide, 
and boride thereof may also be used. In the case of mixing these materials, the mixture 
ratio is arbitrary. The content of these materials is preferably 0.2 to 40 mol%, more 
preferably 1 to 20 mol%. If the content is smaller, hole injection function is decreased; 
conversely, the content is bigger, electron blocking function is decreased. In the case 
of using two or more kinds of materials together, the total content is preferably set to be 
in the above range. 
[0114] 

In general, the above metal or oxide, carbide, nitride, silicide, and boride of the metal 
(including semimetal) are dispersed in an inorganic hole injection and transportation 
layer with high resistance. In general, the grain size of dispersed particles is 
approximately 1 to 5 nm. It can be considered that a hopping path for transporting 
holes through the main component with high resistance is formed between these 
conductive dispersed particles. 
[0115] 

Besides, an inorganic hole injection and transportation layer with high resistance may 
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contain H or gas used for sputtering such as Ne, Ar, Kr or Xe of 5 atom% or less as 

impurities in total. 

[0116] 

Note that, if the above described composition can be accomplished as a total average of 
an inorganic hole injection and transportation layer with high resistance, it is not 
necessarily to be uniform, and a structure having a concentration gradient in a film 
thickness direction may be adopted. 
[0117] 

An inorganic hole injection and transportation layer with high resistance is generally in 

an amorphous state. 

[0118] 

The film thickness of an inorganic hole injection and transportation layer with high 
resistance is preferably 0.3 to 100 nm, more preferably 1 to 100 nm; in particular, 
approximately 5 to 30 nm is preferable. In the case where the inorganic hole injection 
and transportation layer with high resistance is thinner or thicker, it cannot function as a 
hole injection layer sufficiently. 
[0119] 

As a method for manufacturing the above inorganic hole injection and transportation 
layer with high resistance, various physical or chemical methods for forming thin films 
such as a sputtering method and an evaporation method are given. It is preferable to 
use a sputtering method. In particular, it is preferable to perform multi target 
sputtering, in which targets of the above main component and the above metal, metal 
oxide, or the like are sputtered separately. A sputtering method suitable for each target 
can be used by performing multi target sputtering. In addition, in the case of 
performing single target sputtering, a chip of the above metal, metal oxide, or the like 
may be arranged over a target of the main component, and the area ratio of them may be 
adjusted suitably to control the composition. 
[0120] 

In the case where an inorganic hole injection and transportation layer with high 
resistance is formed by using a sputtering method, the pressure of sputtering gas during 
sputtering is preferably in the range of 0.1 to 1 Pa. As sputtering gas, inert gas used in 
a general sputtering device, for example, Ar, Ne, Xe, Kr, or the like can be used. In 
addition, N2 may be used as necessary. As the atmosphere in sputtering, reactive 
sputtering may also be performed by mixing O 2 of approximately 1 to 99 % to the 
above sputtering gas. 
[0121] 
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As the sputtering method, an RF sputtering method using an RF power source, a DC 
sputtering method, or the like can be used. The electric power of a sputtering device is 
preferably in the range of 01. to 10W/cm 2 by RF sputtering, the deposition rate is 0.5 to 
10 nm/min; in particular, it is preferable to be in the range of 1 to 5 nm/min. 
[0122] 

Substrate temperature during deposition is approximately room temperature (25 °C) to 

150 °C. 

[0123] 

Since an organic EL element of this invention includes an inorganic hole injection and 
transportation layer with high resistance, heat resistance and weather resistance are 
improved; thus, lifetime of the element can be extended. Further, the material that is 
used is not an organic material, which is relatively expensive, but an inorganic material, 
which is inexpensive and easy to obtain; therefore, it becomes easy to manufacture an 
organic EL element, thereby reducing manufacturing costs. Furthermore, connectivity 
with an electrode formed from an inorganic material, which has been a conventional 
problem, is also improved. Therefore, generation of leak current and dark spots can be 
suppressed. 
[0124] 

In this invention, as a substrate in which an organic EL structure is formed, an 
amorphous substrate such as glass or quartz, and a crystalline substrate such as Si, GaAs, 
ZnSe, ZnS, Gap, or InP are given. Further, a substrate in which a buffer layer that is 
crystalline, amorphous, or metal is formed over the above substrates can be used. 
Further, a metal substrate such as Mo, Al, Pt, Ir, Au, or Pd can be used. Furthermore, a 
resin material such as plastic, and a flexible material can be used. As a substrate 
material, a glass substrate or a resin material is preferable. The substrate preferably 
has light transmitting properties similar to the above described electrode in the case 
where the substrate becomes a light extraction side. 
[0125] 

As a glass material, alkali glass is preferable in view of costs; however, glass which has 
glass composition of soda lime glass, lead alkali glass, borosilicate glass, 
aluminosilicate glass, silica glass, or the like is also preferable. In particular, soda 
glass in which surface treatment is not performed can be used inexpensively. 
[0126] 

Further, it is preferable to seal the top of an element with a sealing plate or the like in 
order to prevent an organic layer of the element or electrodes from being oxidized. 
Sealing is performed by attaching the sealing plate with an adhesive resin layer in order 
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to prevent moisture from penetrating. As sealing gas, inert gas such as Ar, He, N 2 , or 
the like is preferable. In addition, the water content of the sealing gas is preferable to 
be 100 ppm or less, more preferably lOppm or less, particularly lppm or less. The 
lower limit of the water content is not particularly limited; however, it is approximately 
0.1 ppm in general. 
[0127] 

As a material of the sealing plate, a material different from the above substrate material 
can also be used; however, it is preferable to use the same material as the above 
substrate material, or a material having a heat expansion coefficient and mechanical 
strength similar to those of the substrate material. 
[0128] 

A sealing plate may be maintained at the predetermined height by adjusting the height 
with a spacer. As a material of the spacer, resin beads, silica beads, glass beads, glass 
fiber, and the like are given. In particular, glass beads or the like is preferable. Note 
that a spacer may be used or does not have to be used in the case of forming a 
depression in the sealing plate. 
[0129] 

Spacers may be mixed in a sealing adhesive in advance or may be mixed therein during 
attachment. The content of spacers mixed in the sealing adhesive is preferably 0.01 to 
30 mass%, more preferably 0.1 to 5 mass%. 
[0130] 

A material of the adhesive is not particularly limited as long as it can maintain adhesive 
strength stably and the airtightness is good; however, it is preferable to use an UV 
curable epoxy resin adhesive of cation curable type. 
[0131] 

A color filter film, a color conversion film containing a fluorophor, or a dielectric 

reflection film may be used to a substrate to control emission color. 

[0132] 

As a color filter film, a color filter that is used in a liquid crystal display or the like may 
be used. Further, characteristics of the color filter may be adjusted considering light 
emission of an organic EL element to optimize extraction efficiency and color purity. 
[0133] 

In addition, when a color filter in which external light with short wavelength absorbed 
in an EL element material or a fluorescent conversion layer can be cut is used, element 
durability and display contrast is also improved. 
[0134] 



23 



English Translation of JP2002-367784 



Alternatively, an optical thin film such as a dielectric multilayer film may be substituted 

for a color filter. 

[0135] 

A fluorescent conversion filter film absorbs light of EL emission and emits light from a 
fluorophor in a fluorescent conversion film to convert emission color. The fluorescent 
conversion filter film is composed of a binder, a fluorescent material and a light 
absorbing material. 
[0136] 

As a fluorescent material, a material with high fluorescence quantum efficiency may be 
basically used, and it is preferable that the material show strong absorption in an EL 
emission wavelength region. Actually, laser dye and the like are suitable; that is, a 
rhodamine compound, a perylene compound, a cyanine compound, a phthalocyanine 
compound (containing subphthalocyanine and the like), a naphthaloimido compound, a 
fused ring hydrocarbon compound, a fused ring heterocyclic compound, a styryl 
compound, a coumalin compound, or the like can be used. 
[0137] 

As a binder, a material that does not quench fluorescence may be basically used, and it 
is preferable that a material that can be patterned minutely by performing 
photolithography, printing, or the like be used. In addition, a material that is not 
damaged while forming a hole injection electrode (ITO, IZO, or the like) is preferably 
used in the case where the binder is formed to be in contact with the hole injection 
electrode over a substrate. 
[0138] 

A light absorbing material is used in the case where light absorption of a fluorescent 
material is not sufficient; however, the light absorbing material does not have to be used 
in the case where it is not needed. In addition, as the light absorbing material, a 
material that does not quench fluorescence of the fluorescent material may be selected. 
[0139] 

An organic EL element can be driven by DC drive, pulse drive, or AC drive. In 

general, the applied voltage is approximately 2 to 30 V. 

[0140] 

[Embodiment] 
[Embodiment 1] 

(Structure of TPD/Alq/Mo0 3 : Li/Al) 

As shown in FIG. 2, an ITO transparent conductive film of 100 nm thickness was 
formed over a glass substrate 1 as a hole injection electrode 2. After ultrasonic 
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cleaning was performed to the substrate 1 for 10 minutes, the substrate was rinsed with 
pure water. Thereafter, baking was performed for 8 hours or more at a temperature of 
1 10 °C. After UV/0 3 cleaning was performed to this substrate with ITO, the substrate 
was introduced to a vacuum device and the inside of a vacuum chamber was 
depressurized to 1 x 10" 4 Pa or less. 
[0141] 

As a hole injection organic layer 4, 

N,N'-diphenyl-N,N'-bis(3-memylphenyl)-l,l-diphenyl-4,4'-diamine (TPD) was formed 
to have a thickness of 20 nm; sequentially, as a light emitting layer 5, 
tris(8-qumolilato)aluminum was formed to have a thickness of 1 00 nm. The both layer 
was formed by a resistance heating evaporation method. 
[0142] 

Next, as an inorganic oxide electron injection layer 7, M0O3 and Li was formed to have 
a thickness of 5 nm by co-evaporation with a resistance heating method. At this time, 
the evaporation was performed by each deposition rate of the M0O3 and Li of 0.1 
nm/sec and the volume ratio of 1 : 1 . An alloy of Al and Li of 20 atom% was used as an 
evaporation source of Li and the power was controlled to make only Li vaporized. 
[0143] 

Thereafter, an electron injection electrode 8 of aluminum was formed to have a 
thickness of 150 nm by a resistance heating method; lastly, a protective film 9 of SiN 
was formed to have a thickness of 200 nm. Consequently, an organic EL element was 
obtained. 
[0144] 

In addition, film deposition of the film thickness corresponding to 100 times, which is 
converted into film deposition times in manufacturing an element, was performed in 
manufacturing an electron injection layer in order to observe stability of the film 
deposition. As the result, a material boat of evaporation did not deteriorate, and 
degassing during film deposition did not happen; thus, stable film deposition could be 
performed. 
[0145] 

FIG. 3 shows a result of X ray diffraction of the deposited electron injection layer. As 
apparent from the figure, crystal is not observed in the film and the film is in an 
amorphous state. 
[0146] 

The electric characteristics of an organic EL element thus manufactured were measured, 
and the result was that a voltage was 5.7 V at current density of 10 mA/cm 2 , and 
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brightness was 320 cd/m 2 . 
[0147] 

[Embodiment 2] 

As an inorganic electron injection layer, the most suitable composition of molybdenum 
oxide: lithium was sought. An organic EL element was manufactured as described in 
Embodiment 1 except for the composition of molybdenum oxide: lithium varied to 10:0, 
10:1, 5:1, 1:1, 1:3, 1:6, or 1:25 in volume ratio. 
[0148] 

Drive voltage characteristics of thus obtained samples were measured. The result is 

shown in FIG. 4. 

[0149] 

As shown in FIG. 4, it is found that drive voltage deteriorates considerably if lithium is 
not contained. Conversely, leak of an element was observed and the yield was reduced 
extremely if the concentration of lithium is too high and exceeds 70 volume%. 
[0150] 

As the result, it is found that there is an effect that drive voltage is reduced if even a 
very small amount of lithium is contained in molybdenum oxide, and the most suitable 
concentration range of molybdenum oxide: lithium is 1 to 70 volume%. In addition, it 
is also found that the content of a second component is preferably 0.1 to 16 mass% with 
respect to the total content of a metal component of a first component and the second 
component. 
[0151] 

[Embodiment 3] 

As an inorganic electron injection layer, the most suitable composition of molybdenum 
oxide: lithium oxide was sought. Molybdenum oxide: lithium oxide was formed by 
flowing oxygen during evaporation, adjusting the degree of vacuum to lxlO" 2 Pa, and 
oxidizing lithium during deposition. An organic EL element was manufactured as 
described in Embodiment 1 except for the composition of molybdenum oxide: lithium 
oxide varied to 10:0, 10:1,5:1, 1:1, 1:3, 1:6, or 1:25 in volume ratio. 
[0152] 

Drive voltage characteristics of thus obtained samples were measured. The result is 

shown in FIG. 5. 

[0153] 

As apparent from FIG. 5, as described in Embodiment 3, drive voltage deteriorates 
considerably if lithium oxide is not contained. Conversely, if the concentration of 
lithium oxide is too high, an inorganic electron injection layer is insulated; therefore, 
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drive voltage rose. Consequently, the concentration of lithium is preferably 70 

volume% or less to suppress the rise of drive voltage. 

[0154] 

Furthermore, an organic EL element is manufactured as described above except for 
using complex oxide of Li 2 Mo0 4 with a single evaporation boat without performing 
co-evaporation of M0O3 and Li in forming an electron injection layer. The obtained 
samples were evaluated as described above; thus, almost same result was obtained. 
[0155] 

[Embodiment 4] 

(Structure of ITO/TPD/Alq/Mo0 3 : Na/Al) 

An organic EL element was manufactured as described in Embodiment 1 except for 
forming M0O3 and Na as an inorganic electron injection layer to have a thickness of 5 
nm by co-evaporating. 
[0156] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 5.9 V at current density of 10 mA/cm 2 , and brightness was 300 
cd/m 2 . 
[0157] 

[Embodiment 5] 

(Structure of ITO/TPD/Alq/Mo0 3 : Cs/Al) 

An organic EL element was manufactured as described in Embodiment 1 except for 
forming M0O3 and Cs as an inorganic electron injection layer to have a thickness of 5 
nm by performing co-evaporation. 
[0158] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 6.0 V at current density of 10 mA/cm 2 , and brightness was 290 
cd/m 2 . 
[0159] 

Furthermore, as for each of the organic EL elements of Embodiments 1, 4, and 5, the 
lifetime of brightness reduction by half by driving it continuously was 3000 hours (at 
100 cd/m 2 conversion) or more; thus, the element had a sufficient lifetime. 
[0160] 

[Embodiment 6] 

(Structure of ITO/Ge0 2 : In 2 03/distyrylarylene derivative + 3 % distyrylaryleneamine 
derivative/Mo0 3 : Li/Al) 

As an inorganic hole injection layer, Ge0 2 : In 2 03 (composition of sputter target was 



27 



English Translation of JP2002-367784 



85:15 mol%) was formed from to have a thickness of 1 nm over a hole injection 

electrode ITO. 

[0161] 

Next, an organic light emitting layer, in which a distyrylaryleneamine derivative 
represented by following Chemical Formula 16 of 3 volume% was added as a dopant 
material to a distyrylarylene derivative represented by following Chemical Formula 15 
as a host material, was formed to have a film thickness of 100 nm by performing 
resistance heating co-evaporation. 
[0162] 

[Chemical Formula 15] 

IDE 120: distyrylarylene derivative 

Ar: aryl group CH2 

R: substituent CH 3 or the like 

[0163] 

[Chemical Formula 16] 

IDE102: distyrylarylene derivative-amine derivative 

Ar: aryl group CH 2 

R: substituent CH 3 or the like 

[0164] 

Next, as described in Embodiment 1, an inorganic electron injection layer was formed 
from M0O3 and Li to have a thickness of 5 nm by performing co-evaporation; thereafter, 
an aluminum cathode was formed to have a thickness of 150 nm. Consequently, an 
organic EL element was manufactured. 
[0165] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 12.4 V at current density of 10 mA/cm 2 , and brightness was 350 
cd/m 2 . 
[0166] 

[Embodiment 7] 

Each of K and Rb was used as a substitute for Li in Embodiment 1; thus, almost same 

result was obtained. 

[0167] 

[Embodiment 8] 

As a hole injection layer, ATP having the following structure was deposited to have a 
thickness of 100 nm by a resistance heating evaporation method after forming an ITO 
electrode in Embodiment 1 . 
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[0168] 

[Chemical Formula 17] 
[0169] 

Next, as a hole transportation layer, TPD having the following structure was deposited 

to have a thickness of 10 nm in the same manner. 

[0170] 

[Chemical Formula 1 8] 
[0171] 

Next, as a first light emitting layer, an anthracene derivative having the following 
structure: TPD: rubrene was co-evaporated to have volume ratio of 7.5: 2.5: 0.3 and 
film thickness of 20 nm. 
[0172] 

[Chemical Formula 19] 
anthracene derivative 
[0173] 

Next, as a second light emitting layer, the above anthracene derivative and TPD as a 
host material and a distyrylaiyleneamine derivative represented by Chemical Formula 
16 in Embodiment 6 as a dopant material were formed to have volume ratio of 7.5: 2.5: 
0.2 and film thickness of 40 nm. 
[0174] 

Furthermore, as a third light emitting layer, the above anthracene derivative was formed 

to have a film thickness of 20 nm. 

[0175] 

Next, Alq3 was formed to have a film thickness of 10 nm as an electron injection and 
transportation layer, and an inorganic electron injection layer was formed to have a 
thickness of 5 nm by co-evaporating M0O3 and Li as described in Embodiment 1; 
thereafter, an aluminum cathode was formed to have a thickness of 150 nm. 
Consequently, an organic EL element was manufactured. 
[0176] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 6.7 V at current density of 10 mA/cm 2 , and brightness was 840 
cd/m 2 . 
[0177] 

After this element was preserved for 100 hours at a temperature of 85 °C, the emission 
brightness was measured as described above. As the result, brightness decline rate was 
5 % or less, and distinctive deterioration was not observed. 
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[0178] 

[Embodiment 9] 

Ge0 2 : ln 2 0 3 (composition of sputter target was 85:15 mol%) was formed by sputtering 
to have a thickness of 1 nm as a hole injection and transportation layer after forming an 
ITO electrode in Embodiment 1. 
[0179] 

Next, as a first light emitting layer, an anthracene derivative: TPD: rubrene was 
co-evaporated to have volume ratio of7.5:2.5:0.3 and film thickness of 20 nm. 
[0180] 

Next, as a second light emitting layer, an anthracene derivative and TPD as a host 
material and a distyrylaryleneamine derivative represented by Chemical Formula 16 in 
Embodiment 6 as a dopant material were formed to have volume ratio of 7.5: 2.5: 0.2 
and film thickness of 40 nm. 
[0181] 

Furthermore, the above anthracene derivative was formed to have a film thickness of 20 

nm as a third light emitting layer. 

[0182] 

Next, Alq3 was formed to have a film thickness of 10 nm as an electron injection and 
transportation layer, and an inorganic electron injection layer was formed to have a 
thickness of 5 nm by co-evaporating M0O3 and Li as described in Embodiment 1; 
thereafter, an aluminum cathode was formed to have a thickness of 150 nm. 
Consequently, an organic EL element was manufactured. 
[0183] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 4.3 V at current density of 10 mA/cm 2 , and brightness was 900 
cd/m 2 . 
[0184] 

After this element was preserved for 100 hours at a temperature of 85 °C, the emission 
brightness was measured as described above. As the result, brightness decline rate was 
10 % or less, and distinctive deterioration was not observed. 
[0185] 

[Comparative Example 1] 
(Structure of ITO/TPD/Alq/Al) 

An organic EL element was manufactured as described in Embodiment 1 except for not 

forming an inorganic electron injection layer. 

[0186] 



30 



English Translation of JP2002-367784 



The element thus obtained was evaluated as described in Embodiment 12, and the result 
was that a voltage was 8.7 V at current density of 10 mA/cm 2 , and brightness was 210 
cd/m 2 . It can be considered that drive voltage rose and brightness was declined since 
an inorganic electron injection layer was not formed. 
[0187] 

[Comparative Example 2] 
(Structure of ITO/TPD/Alq/Mg/Al) 

An organic EL element was manufactured as described in Embodiment 1 except for 
forming Mg to have a thickness of 5 nm as an inorganic electron injection layer. 
[0188] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 7.6 V at current density of 10 mA/cm 2 , and brightness was 300 
cd/m 2 ; thus, drive voltage rose. In addition, lifetime of brightness reduction by half in 
driving it continuously was at most approximately 150 hours (at 100 cd/m 2 ). 
[0189] 

It can be considered that an inorganic electron injection layer is peeled off due to the 
heat during driving since coherency between metal and an organic layer is not good; 
thus, lifetime is shortened. Accordingly, it is found that it is extremely effective to mix 
metal of low work function in metal oxide in view of improving coherency of the film. 
[0190] 

[Comparative Example 3] 

(ITO/Ge0 2 : In 2 O 3 /IDE120+3%IDE102/MoO 3 : Mg (1:1)/A1) 

An organic EL element was manufactured as described in Embodiment 6 except for 
co-evaporating (volume ratio of 1:1) Mo03 and Mg (work function of 3.7 eV) by a 
resistance heating method to have a thickness of 5 nm as an electron injection layer. 
[0191] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 13.7 V at current density of 10 mA/cm 2 , and brightness was 11 
cd/m 2 
[0192] 

Compared with Embodiment 5, the brightness is lower and the drive voltage is higher; 
thus, it is found that metal of low work function added to M0O3 is preferably metal 
having a work function of 3 eV or less. 
[0193] 

[Comparative Example 4] 

A sputtering inorganic electron injection layer 
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(Structure of ITO/Ge0 2 : In 2 O 3 /IDE120+3%IDE102/Li2O: Ru0 2 /Al) 
[0194] 

An organic EL element was manufactured as described in Embodiment 6 except for 
forming an electron injection layer to have a thickness of 1 nm with the use of targets of 
Li 2 0: Ru0 2 (30:70 mol%) by performing sputtering under the following condition. 
Sputtering condition: 
pressure: 0.15 Pa 

applied electric power: 0.76 W/cm 2 
sputtering gas: Kr 8cc/min 
distance between substrates: 90 mm 
[0195] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 15.7 V at current density of 10 mA/cm 2 , and brightness was 10 
cd/m 2 
[0196] 

Compared with Embodiment 6, the brightness was declined and the drive voltage rose 

due to sputtering damage. 

[0197] 

[Comparative Example 5] 

(Structure having an electron injection layer contrasting with that of Embodiment 9) 
An organic EL element was manufactured as described in Embodiment 9 except for 
forming pathophenanthroline having the following structure (BPhen) and Li by 
co-evaporating to have a thickness of 20 nm as an inorganic electron injection layer 
instead of forming M03 and Li. 
[0198] 

[Chemical Formula 20] 

BPhen 

[0199] 

The element thus obtained was evaluated as described in Embodiment 1, and the result 
was that a voltage was 4.3 V at current density of 10 mA/cm 2 , and brightness was 1000 
cd/m 2 
[0200] 

After this element was preserved for 100 hours at a temperature of 85 °C, the emission 
brightness was measured as described above. As the result, brightness decline rate was 
50 % or more. It can be considered that this is because BPhen, which is an organic 
material, was coordinate bonded with alkali metal and crystallization was realized. 
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Accordingly, it was found that alkali metal was preferably co-evaporated with an 

inorganic material with high thermal stability. 

[0201] 

[Effect of the Invention] 

As described above, according to the present invention, coherency between an electron 
injection electrode and an organic layer is improved; therefore, lifetime of an element is 
improved. Further, it is possible to reduce drive voltage and improve light emitting 
efficiency at the same time of improving coherency. Furthermore, the element can be 
manufactured with an easy method and a material easy to use, thereby simplifying 
manufacturing steps and reducing manufacturing costs. According to this invention, 
an organic EL element with high efficiency can be easily manufactured; thus, this 
invention can be also applied to various display devices easily. 
[Brief Description of Drawings] 

[FIG. 1] is a schematic cross-sectional view showing a basic structure of an organic EL 
element according to the present invention; 

[FIG. 2] is a schematic cross-sectional view showing a basic structure of an organic EL 
element according to Embodiment 1; 

[FIG. 3] is a figure showing result of X ray diffraction in an electron injection electrode 
formed in Embodiment 1 ; 

[FIG. 4] is a graph showing measurement result of Li concentration/drive voltage 
characteristics in Embodiment 2; and 

[FIG. 5] is a graph showing measurement result of Li concentration/drive voltage 
characteristics in Embodiment 3. 
[Description of the References Symbols] 

1 substrate 

2 hole injection electrode 

3 inorganic hole injection layer with high resistance 

4 hole injection layer 

5 light emitting layer 

5a first light emitting layer 
5b second light emitting layer 

6 electron injection layer 

7 inorganic oxide electron injection layer 

8 electron injection electrode 



FIG.4 composition of molybdenum oxide: lithium and drive voltage 
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FIG.5 composition of molybdenum oxide: lithium oxide and drive voltage 
Following the front page 
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m— , p-) t7i=!);H, * — 7i-/i'S > 7it 

[0 0 6 8] r' ~R 4 T'*$tl5T5 /Kt LT«, 

/«*vvf*i/r?fcAv\ rit&tt* *fc&*ft 1 ~ 6 ©IB 
« *J±Ut/*fcB:l~4aiO*«(EK3lWl*r*i-i 

f/V7 5/S, > f 7'f/V7 5/'I, 5?7*=A'T5y 

h y a-t $ / t'x^7x=y;vr;yl, if 

[0 0 6 9] r' ~R 4 "CSlSftSlfiifgtKi: LTft, 
^rnl^tLTO, N, S^^i-5 5**fcf±6* 
^TfS^I^HS, *sJ:UfK*»2~2orofl|-g-#ig 

[0 0 7 0] r" ~R 4 T?&£ft5TA'£-=;i,£4: LT 
(±, '>fc< fcfc«lfeSroioU:7*=/H;S:*i-5 (1 
7x=/U7/l'^=/l'S 1 (1, 2-, 
*5j;tf2, 2-) v?7^-/UT/^=/WS, (1, 2, 

2-) h y 7*=/uTA"4r=/n»a«#*uv^ % im 

[0 0 7 1 ] Tt^m^Sfci^ffi^^S^WffiSS 
XirLTfi, W*.tf^=A^t s 7!)/^ fay /I/ 

t°yv?/w£ N Jf/y/H, ^f-y/us^^pif 

[0 0 7 2] r' ~R 4 *«fti;«r*i-5»^, -tl£> 

©«sik© 5 < 1 1> 2 y -A*, 75 y 
m. mmmm, TA^/vs&i^ry-p^s©^ 

tt^SS&itmw^/vSfco^TfiUilBR 1 ~R 4 

[0 0 7 3] R 1 ~R* ©iilt/j:57y-D^->l 



W*L<, Afr&tH-H: (o-, m- p -) 7^/^ 

[0 0 7 4] iil6Wai0 2a£Jl±*S*^«*»/*U 
TWTt>.fcV\, Sfc, £f>f-«$l£tl/T^Tk&<> * 

[0 0 7 5] R 1 ~R 4 ^MX^-f 54§£\ '>&< 

v\ Lxit'mmfe&ix&hvxtete 
^7, ^httOV^-ftL-CfeAV^. *fc, R 
iR , R Z iR 3 li^nmUlitO-efeSr 

[0 0 7 6] *fcs r' ~R 8 (Doh<D'pt£< tt>5ffi 
JM±, J:9»*L<f±6aet±!SS*«ft4fcH:WiaiSr 

[0 0 7 7] R 5 , R 6 , R 7 4oiI>*R 8 ft, ^rtum 

-To 

[0 0 7 8] R 5 , R 6 , R 7 t5it>*R 8 T-«£;fa57 
/W^Xi: LTii, Kt*ft4Sl~6 U<, 
it^T'fe o T LTV^C JtV \ 7/U*A-S 

(n, i) yotVvS, (n, i, sec, tert) 
-:/?vl'£, (n, i, neo, tert) ^^71/ 

[0 0 7 9] R 5 , R 6 , R 7 feit/R 8 T»* 3*1,5 7 

y-A'S, 7?ys, 7^=/^^ lt{4, ±ibr' 
~r 4 (Dm-kkmrnr-foZo *fc r a\ r t 

ftoT^Tfc&v. 

[00 8 0] *mW\z$s^X, Kw<yhitt*** 
i£3i&*IJs«i:LT, »*L<*ffli-5ii:0-tf*5ft 

[0 0 8 1] 

[ftio] 




[0 0 8 2] 
[ftll] 




[0 0 8 3] :n*<D#B8S3M$rR«-3#S\ #W8I38 
*U\ 

[0 0 8 4] *«M^*sv^, *HWS*JIK:*JH-5 K- 
h CD-t**{4 N 0 . 0 1-20 a*%T'$>5 r t 
&*L<, Sbfc»*L<«:, 0. l~15S*%Tfc 
5o 

[0 0 8 5] ^IPJlic^T, W«3S3fclO»Sttt< 

*tSfcJ:oTt>a*5!9*, ffiit^ 5~5 0 0nm, 
j9F*L<f±, 1 0~3 0 OnmTfeS. 

[0 0 8 6] *38MI!i*5vnt, -H&±ro#«t*3teJl«T 

?ia*-f--5#g\ 

fc?K Afttfjtfi, 1— 8 5nm, L < J£ 5 ~ 6 0 n 
du *6>K:&*L<B:5~5 OnmTfeS. 
[0 0 8 7] *«Wt*SV^, L< (4, ftttBSftff 

[0 0 8 8] ^iPJlcjo^-c, WttBStt/ifc, ^#(-J; 
oT»ritf 5*#t4, k < i-PS^tlStWTiift^ 
ixi o" 4 /n^^/w«TT\ ^W3ift*0. 0 1- 
1 k-tSZt tiW*. LV \ 

[0 0 8 9] *»Wlt*VN-c, iT£ L< tt % «HB&%« 

[0 0 9 0] #flft8%«#, ]E7LSWk^t»T-a 

H*tt«Ifc«»4Wt>Sr»«iL, SrofettO^-t y 7 
nfdb-a-W^^-^^ttsrt^i^ih^tiSOT', 
5. 

[0 0 9 1] Sfcfc, SMIi^ftSK-^yht 



[0 0 9 2] #HMf/&\ 3E?UiaittflS'&**5J:tWt 

— Jttft^tt, K*tfcT\ 1/99-99/1, 
<«, 10/90-90/10, $M£#f4L<«\ 20/80-80 
/20, ftt>£?£L<S4, 40/60~60/40tfSjIfif;ft5 o 
[0 0 9 3] J£?Lfiu^ttft-^tl*3 it>'«^ftAili^ttft 

^oa^Sr*tr*BI3Kyi »frlcti, IE 

IE7Lili^tt{k^t/ 1 eaAiltt{^ftfflIMlI/15i 
[0094] iE?Lfe1^ttft^fe*5 i^s-T-ffiAttant-fk: 

T v n 5 r t L t t? ft v \ 
[0 0 9 5] *38Kt*iV>T, ^ttsfe/Ite, »£L< 

[0 0 9 6] ^SSECfcV^C, iE?Lij^il(c, $H:L< 

t y — /^vs^^t-g^ ( by t y —jvjt 5 vftv 

L h y 7*=A^7 5 > : TPD) , #§8lH»7 5 V, 

tKy/yfi^ #/u/< hyr/-yv 

s>t *° y ^7 * >t£ z&m-rz 

» (hyTy-/V^T5>-^V>Lhy7^=^v?T5 
>" : TPD) , WO/98/30071-§-(CfBgj$tbTV>5 h- y 7V 
-/WT5^#*f* (ATP) t <(C»*L<ffiffl-T5 

[0097] b y r y -a-t 5 >-#*{* (atp) 

[0 0 9 8] 
[ftl2] 




[0 10 1] *3BWfc»V^, #|PB63-29 
5695#&5», #Bfl¥2-191694#-&sBU WM¥3-792 
-S§~&$ft, i|tP¥5-234681-§-^S, #HT5-239455-S- 

#M¥5-299174-§-^$S, #M^7- 126225^ 
$E, #M¥7-126226#-^$R, #M¥8-100172#^ 
EP0650955A1& if (CfB«^^T^5«-a#«lft^ 

[0 10 2] ^Wi-fe^T, 2a«±rortlfeWjb^ 

**0M3LTt>J:<, 2m&.±.<DZhb(Dik&®ZWm 

-tas-giui, -*(fta^u-ct>» 2«±roii 

[0 10 3] *^PJic*5^T, jETLHJiHStt. 

fcv* 1-1 0m*BUtO?»BtSr»j*i-S r. i *st?# 5fc 
ft, T£+LaAJi(c^^->'|b^x^v'^/^ / js$< > pjtg 

[0 10 4] *»Wti3VN-C, tfNfcSlfc:* »*L< 



X (8-*/ V J y h) T/W$ = ^A (Alq3) >S:4f08- 
=¥7 y /-A-ftV>L^©^#:£lB{i^i1-5*«£&JR 

[0 10 5] *3SBKl:|8^T, ftulBlb£ 

[0106] *mm\z&^T. wm&tm* jejlseais 
mm h % v ^ttjE?LftAi*3 ± tf]E?L*&a§ji , * & twc, 

«^ aAfi^Jl fc § WiS^ £ AJl*s J: © 

tCfli^V^S, 1X10 V?*#yH^T"T?> 
Sr 0 . 0 1-1 nm/^mS. klSZk #£F* LV \ #S 
(4, 1X1 O^^/H^TWl^EETT*, Jii^LT, M 
j*S*L5^i:**ff*U\ ixi o'W^/i^T©® 

©*ffifc**fi*as!»* Shi - £ SrK±i-5 r t 

[0 10 7] *»Mli*JV^-C, *$MJI, 3E?LMl^ 

{eft, fb£*«:A*Lfc##- h«r«»Jfc«««lPUT, 
*^#(cJ;o-C, =fj«S3&Jte«, jE?L«Ji£S. 

[0 10 8] Sfefc, «Pfl«fiELiflt ±IEf& 
ftli, fefr©fI4iT*fc5*-/H£A»It©Pfllc, ffi 

[0 10 9] ^©4 51;:, *-/u©*S/<*fc*U ft 

[0 110] *fc s »3;L<{4«g^©«*~/H£A 

«*fcf±¥&JS©SWb»£ffiV\ rixfctt*B8Sfe4. 5 
eVU±. »*b<(44. 5~6eV©&JM\ *AJM3J: 

v/*fcrir:*tboiMb*, mm. mm, frJik 

t> s fe*-;H£Atti~-©«^©^S)£»fM-f 
*±<fT*>*5 3. M^W**©*-^ 



5 y-^w-^**° 

[0 111] KSSKwifttl*— ^aAtt3&flB:, ■£©}£ 

L<ttl~l X 1 0 U Q • cm, HtlXlO 
-1X1 0 B Q • cnTCfeSo ii®tn:©*i^*— ^ah 
2Ui©ffiK*S:±IE4Sia £ k K. 4. <0 , m^9&7 

^ t 5o Kffifei©«*-/i-aAiiSJi© 

5 0 :i©»§\ S^-h«tttt4«HFas*K:J:!J«J&1-6 
[0 1 12] £j*£©WftH\ ~>Pay, ?)V-?=z.tj& 
(S i ,_ x G e x ) O y ^CdoV^T 

1. 7^y^2. 2 , #4 L < tt 1 . 7 S y ^ 1 . 99 

HffW-etiv^ y*sr*bJ:!j**<-ct>/h*<Tt*- 

[0113] i«igst©«f«*-/usE7JiiaJitt, 

£?4L<{44. 5~6eV©&«(4 s ^^b<(4Au, C 
u, Fe, Ni, Ru, Sn, Cr, Ir, Nb, P 
t, W, Mo, Ta, P dfcit/C o WV^•f : ^^^lffi* 

TfflV^5m-g•ro?l-g-J:bi4f^EE-t:•fe5„ rtL6j©^#*}4 
»*L<(40. 2-4 0 mol%, 4l5»4L<}41-2 

o moi%t?fc5 0 *#*i«CJxJ:D^4v^i:*— /uftX 
[0 114] ±fB^*4fci4^R (^SSr-frtf) ©K 

ib*, ^b*. 2^b#i> 7-^{b**5 4t/a-(bt!i4, a 

^MRft^OttSt LTtt, »#, l~5nmg&T*fc5. 

^ l t * - A'Srissaii- 5 fcfe © * y t° v ^v-?^ mm § 
[0115] *®ft©it«*-/uaA*aiHit»±, to 



r.Kr, Xe^£M+5at%«T^rLT^Tk £ 

v\ 

[0116] ft*3, iii^wMS^-yi'&AiitigJl^ft 
©Wtt t LT r. <D J; 5 W&'Trfcftli, *&— T»* < T 

v\ 

[0117] issst©^tti*-/V'ffiA«i^Stt, «», 

[0118] n^GftM*-A4£Att&A0MW& L 

■Cft, #*L<ttO. 3~10 0nm, i9&4L<l41 
~10 0nm, #{ei5~3 Onmg^$f$LV\ iSiffiffi© 

[0 119] ±E«ftffifeiW*^7]x-/waAi!i^®roM 

w * fc wb*w *»iis?gfife*ft * if * b ft 5 # , * 
mo^-y? f £ * /< v $ fe^ffl ^ s - 1 & X- 

-V y h ±fc±IE&JR 4 /tii&JRSM^W/hJf *IB§ 

[0 12 0] a^©«f«*"-A««AliaMI*^/<y^ 
fi, 0. l~lParo$QH/5 s &*LV\ ^y^^fi, 

y * mmz&m s n « , «*:HtA 

r, Ne, Xe, Krf« t ^ 5o f=fc % ^glcj; 

±ffi*^ y * (dJD;L0 2 £- 1 ~ 9 9 %S£ftft 

[0 12 1] X/Ny^ftt LT(iRF'i;I» : S:^fciiiJl 

y 4: l^Ot, jf*L<liRF^<y?f 

0 . 1-10 W/cm'^flSffliW * L < , Hi 
0. 5 ~ 1 0 nm/min , 1 ~ 5 nm/min ©|5H^& 

[0 12 2] LTfi, (2 5 

°C) ~1 5 0*CSat?fc5. 

[0123] #3PJ!ro;fr«ELim^ 

WffiMfeKtftt*< , ^fITA#L^1-v>«TOSrfflV^ 
rims. £felcfi, fe*WjH©*»ofc*M!BW-e 



5 0 

[0 12 4] #38SHte*}^-C, *«E L«JS#Sr»rit-t- 

if, fif*36Efci^.tfx Si, GaAs, ZnSe, Z 
nS, GaP, I nP*£#ib»fb*b, tfcrftfeWg 

ft, Mo, Al , P t, I r , Au, P d&if&fflV^ 

[0 12 5] ^7^#i Lt, 3^hoi^?,7;v*y 
U\6*, rroftb, y-^R#7*, fi&T 

[0 12 6] £ fete, SH^ro^ttSl-^flHSroiWbSrBSC 

r, He, N 2 «Stro^jgtt^^ff*UV% *fc, i 
(DSt±^^»7k^^"*tt, lOOppm^T, J: 1 ?^* 
L<i41 Oppm BAT, #(-(±lppm JWTT'feS^iW 

0. lppm m&X-h^. 

[0 12 7] m&tiHDtmb UTtt, ±E*StJWc5 

tm^wt©, & s v ^i*pi4eos?!tfB?a&»afc. unit: 

[0 12 8] »JhStt % ^-SrfflV^TflS^SrWSE 

[0 12 9] J— tt, =f»»Jhffl»3»3W4 , »!:aA 
Sft-cv^xt, ^*B#WiALTtJ;v\ 
nfd&ttS*^— ©-a«(4, »*L<f±0. 0 1 
-3 011% J;tp»*L<!40. l~5fi%Tfe 

[0 13 0] mtfAt LTii, ft«L*i*#»«i«ift 

[0131] mmz&y j ^?~m^%^mm*-%& 



[0132] &7j/u?-miat y sif^/i/'f* 

[0 13 3] EL*^«*K«**lMI*SftiMJl 

[0134] fl£tt#£Jlllgro J: 5 4**»«*rffl 
v 5 - 7 4 fist -©ftt> 0 K tT t &v \ 
[0 13 5] *3t**7-f^— EL3Bte©ft£ 

«:, *RJMm©=oa»e,j»* 

[0 13 6] itftffisBi, 

ymh-sfr) -ryfu^z. mfc&® • tts&mm&m 

[0 13 7] /<-f f^-tt, **«JK:**«:»#L4^ 

*-xmmft'<fi «t 5 l 

IE?L&A«ffi (I TO, IZOf) W|*BIB# 

[oi3 8] %m.mmn, s^swoftftft^aoft 

[0 13 9] ^1iEL*T-|i, itfelKa^/^IEII]^ 

-3 OV S^t:-fc5o 
[0 14 0] 

mmm] mmmn 

(TPD/Al q/MoOj : L i/Al B2C 
I TOj8?H»«I«1 0 Onm^MLfc. r©fflRlttt 

WjS»^ri o^ieiLfc^, *6tKt? y bfc 0 ^© 

t-yyCTl 1 0°CT-8B#[Hy.±'<-^* : fTo 

fc. roi TOf*atKfcUV/o, ft*Srffofc«, X 
£ffiHl£*$AUf lxio" PaJ^T^SEEL 

fc 

[0 14 1] IE7LftA*ilS4 t LTN, N' -S?7:c = 
7i=/W-4, 4' -^7;y (TPD) £2 0nm, §1*1 



5 t LT F y ^. / P 7 F) 7/V5 = 7A10 0n 

[0142] «^<b$&>«T-&AJl 7 fc LT, M 

0 0 3 tLi ^jgta*nilfeic j;5#^*^T 5nmfMb 
fco MoO, £L i©J5j£Bli'-hfc#fc0. 
lnm/sect LT, {*«fi£ 1 : 1 <75Jt*T« Lfc 0 L 

1 ©iK*SSfc:tt, A 1 - 2 Oatm%L i *&*JlVvC % 

L i ©*4*j|IS8i-3 ±5fc/<7— ©=«^ho— A-STtrft 

[0 14 3] T!V*-VJ>.<Dtt&KW&S& 
m,mm^X l 5 0nn#J#U *«CS i N©f*HIH 
9 £2 0 0nm^$LT«EL*^£#fc o 

[0144] *fc, ^i©$ttt?ri5fcft^ 

ASM-fc^T, *T-W#©fi)c)lIiHl&^m»LT 1 

ooiatffiat-<5iw»©riaiSrit*ufc^ mm<ou 

[0 14 5] K(K^^fcm^aAl©X^@WS*^0 

[0 14 6] rcOj;5 ^LTftmLfc^mEWTlZ&y 
T, SM#tt^SEbfctr5, WjfEftAl 0mA/cm 2 
{d*3 It 5 U£75 s 5 . 7 JJg# 3 2 0 cd/m 2 T'fe o 

[0147] [SMtt«| 2 ) ftMfttt? £AJf £ LTBMb* 

x> : y^^Affi/5fe^f$aj:hT-l 0 : 0, 10:1, 
5:1, 1:1, 1:3, 1:6, 1:25 t^t& 

it, ia^ii^Wi tWcflELif^^ifc, 

[0 14 8] Z<DXo^LXWhtltz^yy/^(DmW}W, 
[0149] @4K, y^?A;SS-g-3;;ftfr^i:;:;5T 

[0150] ^±<7?is*j;i3, iMb^y^^f i-y 

!> A ^®/>ix* t A 5 r t T\ KHiWEE«rffiT$«%3fi 

jk&iLbtis swb*y^"^: y^-7A©sii^$Bffl 

ttl 7 0%T'fe5nt^^5 o *fc, 

^H-^MLTtt, 0. 1-1 6KS%W*LV^t^ 

[0151] [HJfiflaj 3 ] «*^aAB t LT^b^ 
y 7"t-V : mft y f-?7 ArofcUfcfcritSrJftibfc. 

y 7y> : ^{by 7"^a«, 
l, *?ss^i x i o~pa}cfniu y m Jx&tfsm* 

^ t T\ ®it Lfc 0 Hft^ y 7rV : K{b y 
f-9ASBj**rft38|Jft»l 0:0, 10:1, 5:1, 
1:1, 1:3, 1:6, 1: 2 5 t^{b§*fc(i^ 



[0152] z.(D£ 5icLT#f3tLfcf-v7°^roiiiji; 
[0153] H5d»feW6i»4J:5H:, 3 <!: Il# 

A*g 7 0 «C«%aTa«#* U\ 
[0 15 4] *fc, « : FttAJi©»J*tl|EU Mo0 3 
t L i W#^#SrfTt5-f , L ijMoO ( ©S-g-gtfbfe 

[0 15 5] [*»!|4] 

(I TO/TPD/A 1 u/MoOj : Na/Alf 
&) mmm,*&AMkVX, Mo0 3 tNa^lft 
5 nm^fife Ltcm^tmmm 1 t RMilC UT^TttSELSf^S: 

fmi.it. 

[0156] mbtitz.m=f-*mnm 1 1 mm\z. lti¥« 

Ufctd*, m^Sl 0mA/cm 2 (r*5(t5SJ±^5. 
9V, iWS3 0 0cd/m 2 tt£otc. 
[0 15 7] CUttMS] 

(I TO/TPD/A 1 q/Mo0 3 :Cj/Ali 

mmm*&Mik lx, m 0 o 3 tc s 
[0158] mhtitcm^mmmi trnm^Lxwrn 

Lfctii, «)5fE*-S 1 OmA/cmV^tSttdh^ 6 . 
0 V, »i£2 9 0cd/ra 2 t&ofco 
[0 15 9] 4, 5<D^EL*^(i, 

ayMOblc J:*«**NMM»3fts^-f*ut) 3 o o oh#F b 1 
(atl 0 0cd/m 2 &£) RJ^fc!?, 

[0 16 0] [*»J6] 

(ITO/Ge0 2 : I n 2 0,/^f !)/I/7!l-l/y 

mmt*+ 3 % y /ur y - u^r ? >mm-Vf/m 0 

O s : L i /A 1 flfif) jEJL&AWB I TOiC, 
jE7LffiAH t LTG e 0 2 : I n 2 0 3 — 
tfy b&l&8 5 : 1 5mol%) 1 nmtrJRfc Lfc. 
[0 16 1] tfttBBftVK:, *x l^ffi LT7 

iEro<b l 5 * ftS * 7- y A-7 y - u ^^Mlfru: , 

1 0 Onm©*«l83tSSregWlDSft#HS*^T»riJ 

LfCo 



IDE120 : 3?^U^7U-U>WW* 
Ar: 7U-;V* CHz 
R : g&S CH 3 ^ 



[0 16 3] 

[ftie] 



IDB10Z : PX^V)],7V~U>mm&-7S.>mM-fc 
Ar :7>J-;WI CH 2 

[0 16 4] Jfcfc, ««^SAfflSr, gfflfflll 
fc, MoO, t L i W*^*-e5nm^L, 7 A- 5 Ft® 
Sri 5 On»jftU *«BL*T-«rft«Ufe. 

[0165] mbtitc^&mnmi tmmicLxwm 

Ltc tt«E$& 1 OmA/cmVfctTSllffi^ 1 

2. 4 V, ®Jg3 5 Ocd/m 2 T?feofc„ 
[0166] [HWJ 7 ] Hfi^J 1 K*5^T, L i (Cft 

[oi6 7] mmm8) mi&mi^m^x, not 

1 0 OnmfifcffiSU 3E7LffiAS t Lfc 0 
[0 16 8] 
Ufcl 7] 



Q 



[0 16 9] P*iSCLTTlE#KtroTPD£l 
0 iui^K L , ]E?UMSJ| t L tz Q 
[0 17 0] 
[fb 1 8 ] 




[0171] m^s m i (om%m t lt, rmmm^r 

y h?±ymm* : tpd : /K/u-vft, im&7. 

5:2. 5:0. 3i/i5i5l:, fllff 2 0 nm©ff £ 

Lfc„ 
[0 17 2] 
[ft 1 9 1 




[0173] £ 2 (Dm^m t LT, hfcSCfc 

±te7^b7-feVf|«ft:i:TPD£, K-^^SfeSt 
LT^ft^ll 6 Oft 1 6T?5*£iT,5S*;*7-y*'T!J— H' 
7"5 VSPIfrft, ^rtb^f«b-e7. 5:2. 5 : 
0. 2£ft3£5t> IWWMOnmfcjfcBtUS:. 

[0 17 4] Sfefcl, H 3 (D$&ytM t LT, ±IET>-h 
yHr^f^ftlg/lM 0nn«§lLfc o 

[0 17 5] St, LT, Alq34 

jK9i onn^Ru mmm^&xmz, mmmitmm 

\Cs Mo0 3 H i 5 nmJfcfifcU 

Sri 5 Onm^J&LT, ^m^&fEKLfc. 

[0 17 6] »btbfc*^SrHiteyyi ilH#tLTWffi 
Lfctr5, *«^i£l OmA/cm 2 (C*5(t5«J±/5S6. 
7V, #fg8 4 Ocd/m 2 -C&ofc„ 

[0 17 7] ^WsTfft, 8 5°C^T1 0 OttRftfrL 

[0178] [*SfififS9] HlfiWIltiSV^T, ITOt 
Ge0 2 : I n 2 0 3 

(X/tytf—tfy 5 : 1 5mol%) Srlnmfife 

IU EE&ASnIS £ Lfc 0 

[0 17 9] H 1 cofSJtii t LT, TVh^-feV 

f?%#: TPD rA^/Wft, {«t 7 . 5:2. 5 : 
0 . 3 t ft 5 J; 5 fc, !1» 2 0 nmWff £ Lfc. 

[0180] ikfcs % 2 ro3gftJi £ LT, 
T^hyir^lfjJifrtTPDft, K-/<^ HMti: LT 
HifeW 6 ©ft 1 6-^**ixS5?^^-y/PTy— U^T5 
^ffjJtfrftv -fr^mft^Jtr' 7 . 5:2. 5:0. 2 
t ft 5 J: 5 fc, JKV^ 4 0 nmMl Lfc 

[0 18 1] £P>iC, 0 3 <D%%M t LT S ±ISTVh 
y±yWm^mW2 OnmfCJ&jRbfc,, 

[0 18 2] ftt, *^&A«Mlli: LT, A 1 q 3 ft 
Jgffl OnmfifelWU ««^-aASSr, *»!lltRI« 
|C X MoQ 3 t L i ©*^ip-C5nm^L, T/I'SlglS 



ft 1 5 OnrfMlt, ^TttlELS^f-SrflSKLfc. 

[0183] mbfttcm^-%mnfn tmm^Lxmm 

Lfctii, tlSgl 0mA/cm 2 (C*5St5*i±^4. 
3 V, )WJ$9 0 0cd/m 2 Tfcofc 
[0 18 4] 8 5*Ctt 1 0 0B#MflM?U 

fcm, Plfllt LTMS^ftSJSbfc t £ 5WS^b* 
{±1 0%WTT*&tJ, BSCofc^fbtt^JUSHft^o 

[0185] ttmm 1 ] 

(iTo/TPD/Aiq/Aiti) mmm^&xm 

[0 18 6] #fcftfc*^&£lfie!U 2tP#iCLTff 
ftLfctr5, Vftft&l 0mA/cm 2 lC*5»t5«JI*S 
8. 7v , fl?Jt2 1 0cd/m 2 T'feofc c ««l 

[0 18 7] [Jttfc0!2] 
(I TO/TP D/A 1 q/Mg/A l«5g) 
&AS £ LT, M g ft 5 nm^J5)c LfcKfl-ttlUMi 1 IH 

[0 18 8] #fe^fc*^ft*it^l t[H«tLTfftf 

ttiJHt5£l OmA/cmV&ttSfltffi^?. 
6Vs Wit 3 0 0cd/m 2 fcfcO, IE»«J£^i« < fto 
fc. 3tiMMg«l^*J»t5»*^«»WhfeiiS* 1 5 0 

(atl 0 0cd/m 2 ) U&Hh^tc a 

[0 18 9] rtiit &J^*ttfl&0**tttfJBv\fe: 

mtLX^Zt^TLhtiZo lot, &JRSMbft*fcHB 
tt*BB^JRSr^*i-5rtH, llg©S#14fti«iJ65lc 

[0190] [JtttM 3 ) 

( I TO/G e 0 2 : I n 2 0 3 / IDE1 20 + 3% 
I DE 1 0 2/MoO, : Mg (1 : 1) /A 1 ) 
SAltLT, Mo03tMg (ft^HftS. 7eV) ft 
SKiDilffiiCi?)*^* (flCBIJtl : 1) U 5nmro)g 

[0 19 1] Iffcttfc^ft^ij^l tR#(cLT!?fflE 
Ufctri, WMEttHEl OmA/cmVjSttSmffi^l 
3. 7V, »Sl led/m 2 tftofc 0 
[0 19 2] »?j5tJ:b!^LT, SfclE 
Wt£Et>i*v^i:^e>, M0O3 tisJpl-5tett*|liSc 
^Mtt, 3eV«T* s SF*bv^c:4:ASi3*»5 0 
[0 19 3] [tt»«4] 
^^y^««^aAl 
(ITO/Ge0 2 : I n 2 0 , / I D E 1 2 0 + 3 % 
I DE 1 0 2/L i 2 0 : Ru0 2 /A 1 fifig) 
[0194] fl^ftAS t LT, L i 2 0 : R u 0 2 
(3 0 : 7 0mol%) ^-^y htJ:5TE*#07/< 



*»EL#^F-Srf^KUfc. 
: 

BE* : 0. 1 5 Pa 
SA«* : 0 . 7 6 W/cm Z 
^^y^X:Kr 8cc/min 
WSXmm: 9 0 mm 
[0 19 5] ft^^fc^-T-^^Jl t|H]«W¥ffiLfc 
HS^Sl OmA/cm 2 {C*3tt5fi;j£ 1 5. 7 

[0196] mmme t&mLx, 

[0 19 7] [J*&09 5] 

(*ii«9«^-aA«>pj-fi?«) jsssa^AS^u 

T\ Mo, L itDftfrflfc, TflBfliii0V-« V 7 ^-J" Vi- 
ct y V (BPhen) £'L i t*^*(r,J; 9 2 OndftfcUfc' 

[0 19 8] 

BPhen 



[0 2 0 1] 

±-f5 0 *5t««tt©|S]±tl3|l$tffiIfi«E©ffiTi:38 
WfcJ:0i«»*©*«EL««1i*fc«3ST#*©T % & 

a*^'-^ * ^(Dj&m t ic * 5 . 

[HBTolMtLftftH] 

[01] *«M©*«EL3R^©£*fl|figSr^iigEl&Br 

is 21 nasfi»ji©^r«EL*^-©£*«fife^iiiEi& 
[0 3 ] mmm 1 ^&i»Lfc«^&A»swxfi@wrf£ 
[oa 4 ] gum 2©Li gd^mtEttttojgftitX: 

[05] §Hii0)J 3fflL i ftit/.IEiJ»a£#tt<DiiJ£S* 





1 






2 


IE?LffiASS 




3 


^Sta©«IE?LaAJl 


[0199] #^^fc*^^*»j 1 i mmiz Lxwm 


4 


jE?LaAS 


Ltzt^h, Wflffi&l 0mA/cm 2 (Cfe(t5*J±^4. 


5 




3V, lltftl 0 0 Ocd/m 2 iftofc. 


5 a 


31 1 ©siftJi 


[0 2 0 0] 8 5°CICT 1 0 0B#f H 1f*#L 


5 b 


31 2 ©Mi 


fc*, nmz. Lx^mmmm Lit t ^ 5»i«t^ 


6 


«^&AJf 


(4 5 0 %«±T'feo/t 0 :JXl±, #BS*»Sf-Cfe5 B P h 


7 


«s?^#/tt^aA« 




8 


tty-a-AWs 









[01] 




* 0 1 0 Y/tY?. 




[03] 




10.0 
1 8.0 



m 



2 e 

[@4] 







► 


^ — 1 


^Jfe 4 












mm® | 









0% 20% 40% 60% .80% 1005S 



[05] 

mtw?^ mtv^u mmtmnmB. 



12.0 
10.0 



i 



4035 60% 



F^— 3K007 ABOO AB03 AB04 AB06 AB13 
AB15 AB18 BBOl BB06 CAOl 
CA05 CA06 CBOl DAOO DB03 
EBOO FAOl FA02 



